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Abstract  
This bachelor’s thesis was written in the context of a joint research group, 

which developed a framework for finding and providing the best-fit web 

service for a user. The problem of the research group lays in testing their 

developed framework sufficiently. The framework can either be tested with 

test data produced by real web services which costs money or by generated 

test data based on a simulation of web service behavior. The second attempt 

has been developed within this scientific paper in the form of a test data 

generator. The generator simulates a web service request by defining internal 

services, whereas each service has an own internal graph which considers the 

structure of a service. A service can be atomic or can be compose of other 

services that are called in a specific manner (sequential, loop, conditional). 

The generation of the test data is done by randomly going through the 

services which result in variable response times, since the graph structure 

changes every time the system has been initialized. The implementation 

process displayed problems which have not been solved within the time 

frame. Those problems are displaying interesting challenges for the 

dynamical generation of random graphs. Those challenges should be targeted 

in further research. 
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1 Introduction  
Today’s society is mainly driven by the aspect of making money. Probably one 

of the most well-known ways of dealing with huge amounts of money is by 

trading with stocks or being an actual stock broker on Wall Street. Stock 

brokers are making decisions which affects huge amounts of money almost 

every day. There are a lot of different areas in the field of stock trading, such 

as the so called high-frequency trading (HFT), which is computer based stock 

trading. HFT is based on independent super computers which are trading with 

predefined algorithms in a time frame of seconds down to microseconds. They 

react almost instantly on marked shifts. That gives them a big advantage 

because the faster the received information can be processed the higher is the 

chance of making (more) money. The key of HFT seems to be speed, especially 

the processing speed of the received information, but also the amount of time 

it takes to actually receive the data. That means that at some point something 

has to decide where the supercomputer gets its stock information from. 

Something has to find a web service, based on the needs of the company, which 

provides the best properties such as response time or trustworthiness. An 

approach to create such a something has been developed by the joint research 

group of the University of Applied Science in Karlsruhe, Germany and the 

Linnaeus University in Växjö1, Sweden. The problem of the developed 

software is that it cannot be tested in a real life environment. Those problems 

will be explained in more detail in chapter 1.2. However this scientific work 

shows an approach of how one of the problems the research group is facing 

can be solved. That might bring us closer to a functioning, trustworthy and fast 

algorithm for choosing the best-fit service. The algorithm could for example 

be applied in the field of HFT to always ensure the best-fit information 

providing service. This introduction chapter outlines the focus of this work, the 

position of this scientific research within the joint research group and its 

structure. 

1.1 Background 

The research group published its first paper, “Service Level Achievements – 

Distributed Knowledge for Optimal Service Selection” [1] in 2011. One of the 

main statement of this paper is that there is no available overview about which 

web service2 offers the most suitable functionality for a specific service 

consumer. Another problem is that if a service consumer wants to choose a 

service provider, the consumer can only trust given Service Level Agreements 

(SLA), which are specified by the service provider itself. However, SLAs are 

only helpful to give a static information about services, such as terms of 

                                                 
1 The Linnaeus University is mainly located in Växjö but does also have a second campus 

located in Kalmar, Sweden.  
2 A web service is a software function reachable with a network address over the web. 
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references or price of usage [1]. It means SLAs do not provide information 

about non-functional characteristic which change over time, such as response 

time or availability [1]. “For instance, a service might respond faster on some 

input data than on other or might show cyclic availability problems as it is 

highly frequented at certain times of the day” [1]. This leads to the conclusion 

that SLAs itself are not enough to choose the best fit service, since they may 

only partly provide non-functional characteristics. The approach of the 

research group, based on the evaluation of the non-functional characteristics of 

a service, is to use an automatic selection and composition of services. The key 

of the research group is the self-learning broker, which will be explained in 

chapter 1.5.3.2. 
 

1.2 Problem Definition 

The major problem of the research group is that the project cannot be deployed 

in a real life environment in its current state because it could not be tested and 

validated sufficiently. The developed framework has been tested on two real 

test systems located in Kalmar and Karlsruhe, which is not sufficient to 

validate system design approaches. It means that the research group has to test 

the project with more data which could have been done by following one out 

of two strategies: The first strategy was to validate the approach on more test 

servers, which means developing more services and monitoring the behavior 

of the self-learning broker, this is a very costly approach. The other strategy 

was to implement a generator which simulates a service request and produces, 

based on the simulated structure, test data such as response times. The 

generated service request architecture should be able to request functionality 

from other services as well. The service request can be in a specific manner, 

such as sequential, parallel, conditional or in a loop. The practical 

implementation of a generator is part of the scientific problem, which is to see 

if it is possible to create and use roughly real generated test data instead of real 

world dummy test services on a server.  
 

1.3 Purpose and Research Question/Hypothesis 

The purpose of this scientific work is to implement a generator which is able 

to generate test data such as response time, which is used for the validation of 

the developed framework by the joint research group. This leads to the 

following research question:  

 

1. “Is it possible to generate realistic test data for nonfunctional properties 

from services, which are able to call other services in a specific manner 

(loop, sequential, parallel)?” 
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This research question is too broad to answer which is why it will be broken 

down into two sub-questions: 

 

i. Is it possible to simulate a web service structure by generating 

a local based graph where each node stands for an operation 

within a real web service?  

ii. Is it possible to generate a responds time value by randomly 

going through the generated graph structure?  

   

1.4 Scope/Limitation  

The research project was limited by external instructions for the elaboration of 

a bachelor’s thesis, which is a time frame of three months. Due to the fact that 

the final product, the generator, does not rely on the existing framework, it will 

be built as a prototype which is not included within the framework. Another 

limitation was that this bachelors thesis should be written by one person. The 

implementation could have gone deeper and more approaches and different 

methods could have been tried to evaluate the research question, if the project 

was larger and had more developers.  

The scope of this research does not lay in building a generator which can 

be tested in a real life environment. That is why the developed generator will 

only work on a local basis and is only meant to test if it is possible to generate 

test data, which simulates a service request by a user. However, due to the fact 

that the time is too short to develop a generator which is able to produce test 

data which considers all non-functional properties3, the focus will lay on 

producing one type of non-functional property. The framework and all 

prototypes within the framework are developed in the programming language 

Java, which is why the developed system within this research also will be 

developed in Java.  

 

1.5 Framework of Service Oriented Computing 

This section gives an overview about the current architecture of the developed 

project, within the field of Service Oriented Computing (SOC) in the joint 

research group.  

 

1.5.1 Service Oriented Computing 

Services are the fundamental elements in a Service Oriented Paradigm [2]. 

“The promise of Service-Oriented Computing is a world of cooperating 

                                                 
3 Non-functional properties could be response time, throughput, availability and reliability. 

Its purpose within this scientific work is explained in chapter 3.1.   
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services that are being loosely coupled to flexibly create dynamic business 

processes and agile applications […]” [2]. The implementation of a SOC model 

invovles developing Service-Oriented Architectures (SOAs). “SOAs allow 

application developers to overcome many distributed enterprise computing 

challenges, including desigining and modeling complex distributed services, 

performing enterprise application integration,[…]” [2]. The biggest advantage 

of SOAs are that it becomes easier and cheaper to develop and run distributed 

applications [2]. 

A classical service lookup request within a SOC architecture, as shown in 

figure 1.1 (step 2), will result in a service selection process on the broker side. 

A service broker located in a SOA stores informations about service 

registrations, which are the previous explained SLAs. In case a consumer 

requests informations about available services, the consumer will receive 

informations which are necessary for a service binding (step 2). The service 

broker will therefore provide a service binding address to the client based on 

the SLAs (step 3). 

 

An optimisation of the classical service lookup has been proposed by [1], 

whereas consumers send their current contextual information as well as their 

individual preferences to the service broker, as shown in figure 1.2. (step 2). 

By considering the measured information and the fact that the broker is 

continously learning more information about the properties of each service, the 

broker is able to select and provide an optimized service binding address for 

the consumer. The service broker is the key component of this approach and 

will be explained in chapter 1.5.3. 

Figure 1.1: Sequential View on a Web Service Binding [1] 
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1.5.2 Framework Approach 

The developed framework of the joint research group intends to choose the 

best-fit service for each client, based on the non-functional properties of a web 

service. The measurement is performed each time the service is requested, 

which provides dynamical service bindings to the changing environment of the 

web. This provides the client with the best-fit service, based on the real quality 

of a service. A client is now able to get trustworthy data, which is not provided 

by the flexible truth of service providers given SLAs [1].   

 

1.5.3 Architecture of the Framework 

The architecture of the framework is divided into two major components which 

are explained in the following sections: 

The first part is the so called Integration Platform which is an Enterprise 

Service Bus (ESB) and was mainly developed in J. Emmels bachelor thesis 

[3]. The idea was that the ESB can be integrated in an existing business 

environment. A so called Local Component plugin extends the ESB and 

provides administrative functionality for the participants and the other 

components of the framework. The combination of service components and 

integration platform is called integration environment, which is shown in 

figure 1.3. The ESB is handling the integration of new participants, it is also 

responsible for the interaction between the frameworks participants and the 

central component (explained in more detail below). 

There are three different participants, also called service components, in 

the existing framework. The first service component is called service 

consumer, which comes close to the term of an end costumer. A service 

consumer is searching and using different services. While the service consumer 

Figure 1.2: Optimized Web Service Lookup [1] 
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is integrated in the ESB, the service consumer provides the central component 

with personal information about its calling context, such as the location or the 

bandwidth. A so called service binding will be defined, based on defined non-

functional requirements by the customer. A service binding describes which 

consumer is using which service.  

The second component, called service provider, offers services for 

consumers and intermediaries. The communication between a service 

consumer, a service provider and an intermediary within the integration 

platform, and also the communication with components located outside of the 

environment, is always handled through the ESB.  

The last component, called intermediary, has functionalities from both the 

service providers and the service consumers. Every time a service consumer 

requests a service, the local component is monitoring the service request and 

generates a data feedback about the whole process, whereas the term feedback 

refers to a report in this work. The data feedback includes information about 

the consumer, the call context such as location and call time, and the non-

functional properties of services like response time or availability. The 

gathered data feedback is then sent to the central component, which evaluates 

the results. 

Figure 1.3: SOC Framework Architecture [3] 
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The second component within the framework is the central component, 

which is the key component of this architecture. It is a self-learning broker and 

named as “Central Adaptive Service Broker” in figure 1.3 [1]. The central 

component is developed as a web service and is running on an application 

server. There is only one central component which communicates with many 

integration platforms and many external services. The main task of the central 

component is to define the current, best-fit service for a service consumer in 

an integration platform. To achieve the so called service binding, whereas a 

service is assigned to the best-fit service provider. The central component is 

analyzing the data feedback which has been sent by each integration platform. 

It stores the results of past service requests and compares them with other 

service requests to find the best-fit service instance for a consumer. Once a 

service instance is found which fulfills the requirements of the specific 

consumer profile in a better way than the current service instance, the 

corresponding local component will be informed to update the service binding 

[1].  

1.6 Outline  

This scientific research is divided into eight chapters including this 

introduction chapter. The following chapter provides information about the 

scientific value of this research. It also introduces two published 

methodologies that are taking place in the field of microprocessors. Chapter 

number three introduces the basic approach of the research, more precisely its 

scientific approach but also how the proceeded research ensured reliability and 

validity. The fourth chapter will display the implemented test data generator 

and its parameters. The fifth chapter provides raw results gathered from three 

experiments. Chapter number six provides an analysis of the computed results 

in chapter five. It also contains the evaluation of the executed research. Chapter 

seven discusses the obtained knowledge between the introduction chapter and 

the results during the research. Finally chapter number eight provides a 

conclusion and information about further research which was not carried out 

within the scope of this scientific research.  
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2 Theory 
This chapter gives a short overview of other methodologies in the field of this 

scientific work. It starts with a short introduction which explains the higher 

purpose and the need for this scientific research. This is followed by two briefly 

explained theories which heads into the same direction as the methodology of 

this research.  

 

2.1 Introduction  

This project has been executed within a research group which developed a 

framework for choosing the best-fit service for a user, as explained in chapter 

1.5. The main purpose of this scientific research is to build a generator which 

generates test data to validate the developed framework from the research 

group. This leads to the conclusion that the main problem the research group 

is facing is the design validation. A system can always be rebuilt and validated 

with the previous system, but there is usually not enough time to build a 

system, for example twenty times to achieve a sufficiently validated system. It 

is unfortunately not enough to validate design decisions with three or less 

systems. Those circumstances are leading us to the following question: 

 

 How can design decisions be sufficiently tested or validated? 

 

This question or this problem is common in the field of microprocessors, but 

unfortunately not in the field of this scientific work. That is why the following 

theories are taken from the field of microprocessors and applied to the current 

context. 

 

2.2 High-Level Test Generation  

The paper “High-Level Test Generation for Design Verification for Pipelined 

Microprocessors” [4] addresses test generation. The focus lays on synthetic 

errors for design verification of pipeline microprocessors4 . The paper first 

describes the pipeline processor model5, more precisely the distinction 

between data and control and also the merits of treating data paths and 

controllers differently [4].  

Nowadays, controllers in design methodologies are usually described by 

behavioral Hardware-Description-Language (HDL)6 code [4]. These 

                                                 
4 A pipelined microprocessors is a set of data processing elements which are connected in 

series. The output of one element is the input of the next one [5]. 
5 An easier explanation of the pipeline processing model can be found in [6].   
6 HDL is used to program the structure, design and operation of digital logic and electronic 

circuits [7].  



Theory 

Ricardo Russ – Linnaeus University   16 
 

descriptions are then transformed into a gate-level or transistor-level netlist 

which is, within the field of electronics, a diagram created with Computer-

Aided Drafting (CAD)7 tools or by hand [4]. Controllers are basically sets of 

interacting finite state machines whereby data paths, on the other hand, are 

processing structured data words and can therefore be represented at a higher 

level than the gate level [4]. The high-level implementation uses multibit 

modules and buses [4]. Using a high-level representation reduces the size of 

the design representation drastically [4]. 

The creators of this paper developed a model for pipelined processors 

which expose high-level knowledge. The knowledge can be used during the 

test generation [4].  

The approach uses a different model instead of the ILA model which 

iteratively applies test generation techniques for combinational circuits in one 

timeframe. They use a pipeframe organizational model which exploits high-

level knowledge about pipeline structures which is captured with a processor 

model. The advantages of using this approach is a reduction of the search space 

and elimination of many conflicts. The pipeframe model is explained in a 

higher level of detail in [4].  

We are now coming to the actual test generation algorithm. The main 

purpose of the high-level test generation algorithm is to target localized errors 

such as a Bus Order Error (BSE)8 in the data path [4]. More addressed errors 

can be read in [9]. 

The test generation algorithm is divided into the following sub-problems 

quoted from [4]:  

1. Path selection in the datapath  

2. Value selection in the datapath 

3. Justification of the control signals (controller) 

 

The sub-problems are defined and addressed as DPTRACE, DPRELAX and 

CTRLJUST in [4]: 

“DPTRACE computes a set of justification and propagation paths in the 

datapath to activate errors and expose the responding error effect at a primary 

output of the datapath” [4]. The values which need to be justified and 

propagated, are not considered by DPTRACE.   

A controllability/observability graph (COG) is derived from the high-

level description of the datapath. The nodes within this graph corresponds to 

datapath modules, nets with multiple fanout, primary inputs and outputs and 

control and status signals. The edges are pairs of connected ports (module 

terminals) in the datapath. Harman distinguishes in his research between three 

classes of basic datapath modules: AND, ADD and MUX. 

                                                 
7 CAD tools assist in creation analysis, modification or optimization of a design [8]. 
8 A BSE occurs when the bits in a bus are ordered incorrectly.  
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Modules located in the ADD class have exactly one data output but one or 

more data inputs. It is possible to justify an output by controlling a single input. 

The other input values are irrelevant because the controlled input can assign a 

value which justifies the output. “Also, if the output is observable than every 

input is observable as well” [4]. To justify the output within an AND class, all 

inputs need to be controlled. To observe an input, it is necessary that each 

output is observable and all the side inputs are controlled. Modules located in 

the MUX class have one data output, one or more data inputs and one or more 

control inputs.  

The control input, based on CTRL signals, define which data input will be 

selected. The control inputs need to be assigned and the selected data input has 

to be controlled. In case of the observation of a data input, the output needs to 

be observable and the control inputs need to be assigned.  

The edges in the derived COG contain attributes with different symbolic 

values which encode controllability information. The attribute named C-state, 

has values from C1...C4, and are interpreted in the following way [4]: 

 

 C1: unknown if edge can be controlled  

 C2: the edge cannot be controlled, but there are still open decisions 

 C3: the edge cannot be controlled, but there are no more open decisions 

 C4: the edge is controlled  

 

The information about edges observability is represented by an O-state, which 

assumes values from O1...O3. The interpretation of these values are proceeded 

as [4]:  

 

 O1: unknown if the edge can be observed 

 O2: the edge is not observable 

 O3: the edge is observable  

 

The problem of the path selection lays in finding a valid assignment to the C-

state and O-state of all edges. The same problem is applicable to the CTRL 

signals of the pipeframe, such as an edge is associated with the two errors, 

controllable (C4) and observable (O3) [4]. The problem of selecting the correct 

path can be solved by using a directed search with decision variables and 

variables which are associated with the nets.  

DPRELAX determines values which expose the effect of an error and 

justifies signals assigned by CTRLJUST [4]. The creators of this scientific 

paper use a discrete relaxation algorithm9 to solve this problem. 

 

                                                 
9 Detailed information about the relaxation algorithm can be found in [10]. 
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CTRLJUST derives an input sequence and makes the controller produce the 

desired values on the CTRL lines. As soon as the sequence has been applied to 

the circuit and has also been started from its reset state.  

This method and many other methods, such as [11] suffer from severe 

drawbacks or need human effort to even handle the entire designs of modern 

processors [12]. That is why the industry uses formal methods mainly for the 

validation of a single component [12]. Designers on the other hand, are trying 

to test the models with assertions inside the HDL models and also by running 

extensive simulations. The results of the simulations can be stored and used for 

checking local optimization and running regression tests.  

The reason why the evaluation of modern microprocessors is so difficult, 

lays in its pipelined architecture, which cannot be sufficiently evaluated by 

considering one instruction (and its operands) at a time. The behavior of a 

pipeline is based on a sequence of instructions and all their operands [12].     

 

2.3 Synthesizing a Self-Test Program 

This methodology has been proposed by Shen and Abraham in [13] with the 

purpose of synthesizing a self-test program. 

Shen and Abraham realized that the rate of design and fabrication 

technology are advancing. This makes the testing process one of the 

bottlenecks in the field of microprocessor development. They expected that the 

complexity of integrated circuits is growing exponentially which makes testing 

the chips more and more difficult and expensive. The costs are increasing 

because of two reasons. “First, the ever-increasing complexity of the circuits 

is a serious obstacle for test generation” [13]. The second reason lays on the 

demands of the customer and market competition, which forces chip 

manufacturers to steadily set extremely high performance goals for their chips. 

Those chips have to be tested by either tester-based tests, or self-tests. Both 

methods need a continuous stream of instructions which must be fed into the 

processor. One of the major difference between those methods is that a tester 

has to compare the monitored primary outputs with the previous output in the 

first case. The output has to be confirmed by validating it with the expected 

output, in the second case based on self-checking. In other words the processor 

compares the signature10 periodically, or stores that signature into a cache11 for 

later analysis [13].     

                                                 
10 A signature provides or defines the inputs and outputs of a method, a function or a sub-

routine [14]. 
11 A cache is a fast buffer-storage unit in the field of electronic data processing, which 

prevents (repeated) hits on a slower medium.   
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Their approach is based on large memory modules, register files and powerful 

Arithmetic Logical Units (ALU)12 with comprehensive operations. They can 

be used to generate and control built-in tests but also for the evaluation of the 

test results. Shen and Abraham designed an optimized program that computes 

the signature of internal states represented by registers. This is based on the 

instruction set and architecture of the processor. The approach is similar to 

conventional hardware based signature compression as displayed in figure 2.1. 

As mentioned before the signature computation routine can be loaded into 

a cache or memory. To prevent an interruption of the control flow of the test 

program, the instruction sequence can be carefully scheduled in a way that the 

operation effects of an instruction sequence are spread over many general 

registers [13]. The compression of the signature is now done for each register.  

Shen and Abraham are “[...] systematically incorporating the signature 

computation routines into the automatic functional test generation process 

[...]”, which leads to a high fault coverage [13].  

 

“However, users must determine the heuristics to assign values to each 

instruction operand to achieve the desired goal, which might not be a trivial 

task” [12].   
  

                                                 
12 An ALU is an electronic arithmetic unit within a processor that calculates arithmetical and 

logical functions.    

Figure 2.1: Signature Computations [13] 
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3 Method 
This chapter will first give a short overview of the used non-functional 

characteristics in this scientific work. The second part of this chapter describes 

the used scientific approach and how the work is planned. The third part will 

show how the analyzation and the validation of the produced results is planned 

within this work. This is followed by a discussion about ensuring reliability 

and validity of this scientific work. The last part shows some ethnical aspects 

and considerations regarding the developed software. 

3.1 Non-functional Characteristics  

As briefly addressed in the Introduction chapter, choosing the best service for 

our personal needs becomes more and more complicated since the amount of 

web services is already huge, and is still growing [15]. We also discussed that 

a user cannot fully trust a SLA since it is defined by the owner of the service 

and does not include non-functional properties [1]. The non-functional 

properties are highly important for choosing the best-fit service by the central 

component. Also, the final output of the developed generator will produce 

response times which is one of the non-functional properties. The following 

chapter will describe the response time as the major non-functional property in 

this work. The other non-functional properties are not described in this 

scientific work since they are not addressed in this project. However, more 

information about the non-functional properties which are not mentioned in 

this paper can be found by following the references for availability [16], 

throughput [17] and reliability [18]. 

3.1.1 Response Time 

“Response time is the total amount of time it takes to respond to a request for 

a service” [19]. The service can be anything, from a simple memory fetch to a 

complex database query, or loading a html web page [19]. The response time 

is the sum of the service time, the waiting time and the transmission time [19]. 

The service time is the time it takes to fulfil your request by the requested 

service [19]. The waiting time is the amount of time a request has to wait in a 

queue, in case the service has to deal with other previous requests first [19].  

To transfer data from point A to point B takes a certain amount of time, 

which is defined as the transmission time. In this scientific work the response 

time is simulating a service request for getting information about a certain 

stock because the framework, developed by the research group, is meant to be 

applied in the field of stock exchange.   
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3.2 Scientific Approach 

There are two different ways of reasoning when it comes to research, the 

inductive approach or the deductive approach. Inductive reasoning is more 

open-ended and exploratory, especially at the beginning [20]. The inductive 

approach collects data or observes something. Deductive reasoning has its 

focus in the field of testing or confirming hypothesis [20] and is mainly applied 

in the field of mathematics and theoretical physics where they derive 

mathematical formulas. The inductive approach can be applied here since the 

theory behind this scientific work will be proven and evaluated by the 

collection of data from an experiment  

 

3.2.1 Software Development 

It is necessary to develop software to verify the hypothesis behind this 

scientific research. The final software should be able to generate test data with 

the purpose of testing the algorithms of the framework. The generated end data 

will only simulate response time for a service request because the time frame 

of this scientific research is too small to consider more than one non-functional 

property. The resulting response time of a simple service request should be 

simulated by the software and result in a generation of response time. One of 

the major requirements for the system is that it had to be dynamical. That 

means it has to change its structure every time the system has been initialized, 

which leads to changing response time values. This should work by dividing 

the generator into two parts. The first part will create a data structure with 

different graphical structures. The second part is responsible for randomly 

going through the data structure while the system measures the time of the 

procedure. The measured time simulates the actual response time of a service 

request. 

 
3.2.1.1 Data Structure 

The data structure has a defined number of services, where each service in turn 

has a list n-nodes. These services have a reference to other services because a 

web services might request data from other web services to fulfill their task. 

Each reference, or each possible service request should cost a defined amount 

of time. The research group wants to simulate realistic service call behavior 

because web services are located all over the world. That means it is necessary 

to define if a service located in Germany, is requesting functionality of another 

server where the request service is for example located in Mexico. The request 

might take time to reach the web service in Mexico. This can simply be verified 

by chasing the route to a server in Mexico (figure 3.1). 
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Each service has a number of connected nodes which result in a graph 

structure. A node within a service can have an edge to another service, if there 

is an existing reference between those two services. The creation of the edges 

should be dynamical. If a node is using another service, the system should run 

through the requested service first. After the requested service came to an end, 

the system should jump back to the node which requested the functionality of 

the other service.  

After creating the edges, every edge will be weighted by a likelihood, 

depending on the amount of edges. This is necessary to model the properties 

of a realistic control flow behavior because the decision making process of 

choosing a path with more than two possible branches is approximated.  
 

3.2.1.2 Interpretation 

The second part of the system is responsible for creating the actual response 

time. But first, the system has to load a Java Configuration file, which contains 

profiles with information about the amount of time it takes to reach different 

services. Examples are shown in Table 3.1. 

 
Table 3.1: Service Jump Costs 

Service to Service Costs 

Service A to Service B  10 milliseconds 

Service A to Service C 15 milliseconds 

Service B to Service C  0   milliseconds 

 

In the example table 3.1, a service request from Service A to Service B takes 

10 milliseconds, from Service A to Service C 15 milliseconds, and from 

Service B to Service C 0 milliseconds, because there does not exist a 

connection between those services.  

Figure 3.1: Tracerouting a Mexican Server from Germany 
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After the profile was successfully loaded, the actual simulation and the 

resulting generation of response time is able to proceed. The system starts the 

simulation at the first node in the first service. The idea is that it jumps from 

node to node within a service. While it is going through the service structure it 

will reach a point where it has two or more possible ways to go. More precisely 

it can choose which node should be picked next. This should be done 

randomly. The system measures the amount of time it takes until the last node 

in the first service has been reached. The amount of time for requesting another 

service should also be considered and added to the resulting response time. The 

sum of the whole simulation process is the final generated response time.  

The possible parameters resulting from the previous description of the 

system, are listed in the following table (table 3.2.): 

 
Table 3.2: Possible Parameters 

Parameter Description 

Amount of services 

Defines the number of services which 

simulates the position and the structure 

of a web service 

Amount of nodes 
Defines the number of nodes for each 

service 

Density for service connections 
Defines the density of possible service 

calls between services 

Density for node connections 

Specifies the amount of connections 

between an amount of nodes within a 

service 

 

3.3 Analysis 

At first the results produced by the developed generator should have been 

validated by analyzing and comparing existing results of a project within the 

research group. The research group already developed a test data generator 

which uses real test services to generate test data. However the basic idea of 

evaluating the produced results was to analyze the code of the data generator 

from the research group and extract the structure of a test case profile. More 

precisely, analyzing the code should provide a graphical structure with detailed 

information about the used amount of services and its structure. It also would 

have mattered how much time it takes if a service is requesting functionality 

from another service, since the research group deployed services in Sweden 

and in Germany. By gathering that information, it would have been possible to 

adjust the parameters of the test data generator to check if it is possible to 

approximately produce the same data as the test data generator from the 

research group. The validation approach had to be changed due to some 



Method 

Ricardo Russ – Linnaeus University   24 
 

organizational problems. The new validation approach considers the response 

time of a real web service. The real web service will be requested every 15 

minutes within a time frame of at least 7 days. The response time of each 

request will be saved, and the purpose by doing so lays in calculating the 

average amount of response time for requesting functionality from this web 

service. The next step is to adjust the parameters of the developed test data 

generator in such a way that the produced outcome corresponds roughly with 

the calculated average response time of the real web service. The closer the 

generated test data values come to the average response time value from the 

real web service, the higher the chance of successfully generating real test data.   
 

3.4 Ensuring Reliability and Validity in the Study 

“Reliability is an attribute of any computer-related component (software, or 

hardware, or a network, for example) that consistently performs according to 

its specifications” [21]. The developed software in this research is able to proof 

its reliability because it can be rebuilt in the same way and would still produce 

the same results. However the actual results, the response times, are changing 

every time the system has been reinitialized as explained in chapter 3.2.1. If 

we are applying the test-retest method13 on the system, where a test has to be 

performed two times with a time gap between the performances, the results can 

be correlated with each other. The outcoming value shows us if the system is 

reliable, in case the correlation strives to one, or if it is less reliable in case of 

striving to zero. Since the software is always generating a different response 

time because of the structure of the services, including the outgoing and 

incoming connections of each node, is changing. It means that the developed 

software is not able and not meant to generate the same results in a second test 

because of its major requirement of generating dynamical response time. 

To reach validity within this scientific work, it becomes necessary to 

generate an abstract model from the existing program. This model has to be 

tested on the same system as the main system to provide an identical 

environment and therefor the same computing recourses. Both models are first 

simulating a service request with one service. The computed outcome will be 

analyzed and validated against each other. Both models have to produce the 

same or similar outcome. Both models are also tested by a service request 

which simulates a distributed system with two services. The results should also 

be validated with each other to analyses if the same or similar results are 

computed. 

                                                 
13 Further information about the test-retest method can be found in [22]. 
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3.5 Ethical Considerations 

There were no interviews or surveys executed in this scientific work, which 

could produce private or vulnerable data. The developed software is also not 

applied in the field of health care, or in any other possible field where people 

could get injured, in case of a software failure. Since the generated data is 

meant for testing the design of the framework. It could happen that if the 

generated test data is not valid in anyway and the research group trusts and 

uses the invalid data to test their system. The framework, more precisely the 

service broker, could get trained14 with invalid data. That could lead to a wrong 

service selection by the service broker. The consequences could be a 

significant loss of money for an end user who is trading with stocks. 

 

                                                 
14 Training or learning means that a system is looking at passed examples and improves its 

system based on these examples. 
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4 Test Data Generator 
This chapter basically describes how the generator has been implemented. It 

starts by describing the programming environment including the programming 

language. This is followed by the basic architecture and the implemented data 

structure, which is responsible for creating the service infrastructure. Lastly, 

the final interpretation part which is responsible for producing the final non-

functional test data is described. 

4.1 Development Environment and Project Structure 

The whole project is written in the programming language Java. There are 

many development environments available on the market which support this 

programming language. I choose the development environment Eclipse15 

because I already gained experience by using that environment through my 

studies and personal projects. 

 

4.2 Implemented Architecture  

As defined in the Method chapter (chapter 3), the developed software is 

divided into two parts, the data structure part and the interpretation part. Figure 

4.1 shows a brief overview of the developed system architecture, where “G” 

stands for generator, “DS” for data structure and “I” for interpretation. 

                                                 
15 More information about the environment can be found here: https://eclipse.org/ 

Response Time 

Figure 4.1: Architectural Overview 
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4.2.1 Generator Input Parameters 

The implemented generator has a few input parameters to offer the possibility 

of simulating different service requests. The listed parameters in table 3.2 in 

chapter 3.2.1 had to be extended by the parameter Density for node to Graph 

connections shown and explained in table 3: 

 
Table 4.1: Implemented Parameters 

Parameter Description 

Amount of services 

Defines the number of services which 

simulates the position and the structure 

of a web service 

Amount of nodes 
Defines the number of nodes for each 

service 

Density for service connections 
Defines the density of possible service 

requests between services 

Density for node connections 

Specifies the amount of connections 

between an amount of nodes within a 

service 

Density for node to graph 

connections 

Defines the amount of connections 

from a node to a different service, 

which simulates the request of data 

from another service. 

  

The density parameters are defined from zero to one, where the closer the 

parameter gets to zero the less amount of connections are defined. A parameter 

value closer to one will result in more connections. The value zero means there 

are no connections and the value one means the graph is fully connected, as 

shown in figure 4.2:  

Figure 4.2: Graph Density 
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4.2.2 Implemented Data Structure 

The data structure part is responsible for the generation of the actual graph 

structures. This means that its first step is to generate the services and a number 

of nodes within each service, as shown in Figure 4.3. These nodes do not have 

a function, they exist to simulate a function which would be performed in a 

real system. 

There are two ways of how the service generation is proceeded. The first 

way is to define an amount of services that will be generated in the program. 

The reference edges will therefore be defined randomly. The second option is 

to load a java.properties16 file with information about the amount of services 

and their references between each other.  

A reference edge is a connection between two services, which is needed 

to define edges from nodes within a service A to for example Service B. These 

edges between services can only be set in case there is an existing reference 

edge between the service A and service B. A reference edge is a weighted edge 

which also provides information about the amount of time it takes to reach 

another service as displayed in figure 4.4. There are two ways of creating these 

kinds of edges in the developed system. The first way is to load the defined 

edge configurations from the java.properties file. The edges are then set based 

on the java.properties file. The second option is setting the edges randomly, 

                                                 
16 A java properties file is a simple text file which can be used as configuration file in Java.  

Figure 4.3: Services and Nodes 



Test Data Generator 

Ricardo Russ – Linnaeus University   29 
 

which is done using the Erdős-Rényi model17, briefly described in the 

following chapter (chapter 4.2.2.1). 

 

After the reference edges have been defined successfully, the next step is 

to dynamically define the edges between the nodes in each service, so called 

control flow edges. This is done by considering the Erdős-Rényi model which 

offers functionality for generating random graphs. The used model in this 

scientific research is the 𝐺(𝑛, 𝑝) model, where n is a given Integer and 0 <
𝑝 < 1 is a probability value, which defines an undirected graph 𝐺(𝑛, 𝑝) on 𝑛 

vertices. For each pair of vertices 𝑣, 𝑤  there is an edge (𝑣, 𝑤) with a 

probability p. Instead of using an Integer value for 𝑛, the system uses a Double 

value as 𝑛 which stands for the needed density. For example: we have a graph 

G with 3 nodes. The system uses the Math.random()18 function to get a random 

double value p. If the probability value p is smaller than the defined density a 

for an edge from, for example node 0 to node 1, the edge will be set. In case 

the random value p is bigger than the defined density 𝑎 for and edge, from for 

example node 0 to node 2, the edge will not be set. The result is a graph with 

random edges, as shown in figure 4.5. The developed program uses this 

approach for each graph within a service and also for the generation of edges 

between graphs within different services, which will be explained in the 

chapters below.  

 

                                                 
17 Further information about the Erdős–Rényi model can be found in [23].  
18 Math.random() generates a random number between 0 and 0.99. 

Figure 4.4: Weighted Service Reference Edge 

Figure 4.5: Defining Edges 
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Once a graph was successfully generated it will be checked by a Breadth 

First-Search (BFS) algorithm (see next chapter). The reason for doing so is 

that it might happen that there is no available path from the first node to the 

last node. If this case is true, the graph will be discarded and another one will 

be created and checked again.  

The system should be able to request functionality from other services 

which is why nodes within a graph might have edges to another service. Those 

edges are defined as node to service edges. The algorithm which is used is the 

same (Erdös-Reyni) as used in the previous chapters to define edges between 

nodes. However, the connections within a service are always from a node X to 

the first node A. Within a service a connection can only be established if there 

is an existing reference between the services. Figure 4.7 displays this procedure 

with two service graphs. An edge between those services is possible because 

there is an existing reference from service A to service B. The purpose of these 

kind of connections is, to simulate a service request from another service and 

also the simulation of a distributed system19 behavior. 

 

 

                                                 
19 A distributed system is a combination of independent computers which appear as one 

system. 

Figure 4.6: Node to Service Request 
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4.2.2.1 Breadth-First-Search   

The BFS algorithm is able to answer two major questions when it comes to 

graph search algorithms [24]: 

  

1. Is there a path from source node X to a goal node Z?  

2. What is the shortest path from X to Z?  

 

The developed software uses this algorithm to make sure there is at least one 

way from the first node to the last node within each service. Finding the 

shortest path within a graph does not matter in the developed software because 

the system goes through the service graphs by itself without considering the 

length of a path. 

The following example shows us how the algorithm is achieving its major 

goals within the developed system: 

The algorithm differs between the three colors white, grey and black. 

White identifies every node which has not been used by the algorithm. Grey 

defines a discovered node and black identifies the checked nodes.  

The first step is to create a queue20 and to set the first node within the graph 

as the start node. The second step is to mark every node with the color white. 

Then, the starting node is painted grey and added to the queue. The next step 

takes the first node from the queue and checks every outgoing connection to 

its neighbor nodes. Each neighbor will be painted grey and added to the queue. 

After each neighbor node from the current node have been added to the queue, 

the current node will be painted black. The next node will be polled21 from the 

queue and the whole process begins again. Figure 4.6 displays the process with 

a small graph, where the procedure starts on the left side with an example 

graph, and stops when two nodes have been checked. In this case the BFS 

algorithm finds a node with an edge on itself, it sets a Boolean parameter 

“specialEdge” located within each edge to true. The purpose by doing so will 

be explained in chapter 4.2.2.3. The algorithm comes to an end when every 

possible node to neighbor node connection has been identified and each node 

has been painted black.   

                                                 
20 A queue is data structure based on the “First in, First out” principle. 
21 The method poll() retrieves and removes the first element of a queue. 
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4.2.2.2 Define Edge Probabilities 

The purpose of this step is the definition of the edge probability value for each 

edge. As previously described in chapter 3.2.1, the weighting of the edges 

within each graph simulates a real control flow behavior. 

The system counts the outgoing edges in each node and calculates, based 

on the amount of outgoing edges, the probability for each edge. Since the 

system uses the Math.random() function to get random values, which is only 

generating values between 0 and 0.99. The upper boundary is therefore set to 

0.99 instead of 1 and the lower boundary has been set to 0.01 for a node with 

two outgoing edges. The upper boundarie varied based on the number of edges, 

which will be explained after a quick look on how the edge probability values 

are basically generated: 

In case we have a node with three outgoing edges, the probability 𝑝0 for 

the first edge is generated by the Math.random() function and saved in the edge 

probabilities. The second edge probability 𝑝1 is also generated by the 

Math.random() function but, if the probability of the second edge is higher than 

0.99 −  𝑝0 the Math.random() function has to generate a new value for 𝑝1. 

This comes to an end when the generated value 𝑝1 has a smaller value 

than 0.99 –  𝑝0. The last edge probability 𝑝2 is calculated by subtracting the 

probability values 𝑝0 and 𝑝1 from 0.99, which defines the probability 𝑝2 for 

the last edge. 

As briefly mentioned before, the upper boundaries varies based on the 

number of edges. The reason is that if the system has a node with for example, 

three outgoing edges and generates a high value through the Math.random() 

function such as 0.95 for the first edge, means that the other two edges are only 

able to receive a likelihood between 0.96 and 0.99. We are now focusing on 

the second edge probability value which receives, for example the value 0.021, 

which is a valid value because it is located between 0.01 and 0.99. This will 

Figure 4.7: BFS Algorithm 



Test Data Generator 

Ricardo Russ – Linnaeus University   33 
 

lead to a problem in that the system is continually calculating new probability 

values for the edge, without a termination condition. None of the generated 

values can be declared as valid, since the lower boundary is set to 0.01 and the 

possible rest value is 0.009. The following table (table 4.2) shows an 

experiment which has been executed to clarify the rate of successful generated 

graphs, where the set of outgoing edges in each node has been computed 

correctly. The experiment is counting how often the calculation of the system 

was successful, whereas an attempt counts as successful when the system was 

able to calculate the edge probabilities for each node within a service a hundred 

times. Ten attempts have been executed for each experiment. The result defines 

the amount of successful attempts 𝑠𝑎 whereas 𝑠𝑎 is defined as 1 <=  𝑠𝑎 <=
 100, which are used to define an average value in percentage. Zero percent 

means no successful edge probability calculation has been made. The value 

hundred means all attempts for calculating edge probabilities of a set of edges 

in a node has been executed successfully. 

 
Table 4.2: Experiment 1 - No Boundaries 

Amount of 

Edges 

Upper 

boundary  

Applied to X 

edges 

Results Average 

value in % 

1 -  

all edges 
10, 8, 3, 1, 3, 

1, 7, 4, 7, 8 
4.9% 

2 -  

3 -  

4 -  

5 -  

6 -  

 

The result is 4.9% of successful generated graphs, displayed in table 4.2 is 

devastating. Because of this the following experiments should analyze what an 

appropriate boundaries value is. 

The experiment displayed in table 4.3 sets an upper boundary for the 

calculation of the outgoing edges of a node with 4 or more edges, where each 

edge have a 24.75 chance of being chosen. This would mean that the system 

has to forfeit a lot of its dynamical aspects if the boundary is that low, which 

is why the probability has been multiplied by the factor of 2. The resulting 

upper boundary is now 49.5%. This approach has also been applied for nodes 

with a higher number of outgoing edges. The experiment limits the generation 

of a bounded random value to the first two edges in a branch with four outgoing 

edges. It also limits the first three edges in higher branches. 

 

 



Test Data Generator 

Ricardo Russ – Linnaeus University   34 
 

Table 4.3: Experiment 2 - Upper Boundary Based on Factor 2 

Amount of 

Edges 

Upper 

boundary  

Applied to X 

edges 

Results Average 

value in % 

4 0.5 2 53, 5, 95, 38, 

38, 10, 7, 54, 

1, 22 

32.3% 5 0.4 3 

6 0.32 3 

 

The second experiment (see table 4.3) displays a successful calculated branch 

rate of 32.3%, which is still too low. That is why the same upper boundaries 

have been applied to more outgoing edges in the third attempt. 

 
Table 4.4: Experiment 3 - Increased Bounded Edges 

Amount of 

Edges 

Upper 

boundary  

Applied to X 

edges 

Results Average 

value in % 

4 0.5 3 100, 7, 80, 1, 

9, 100, 48, 

18, 29, 13 

40.5% 5 0.4 4 

6 0.32 5 

 

The average value of 40.5% is still not sufficient, which is why the previous 

explained factor has been reduced to 1.5 in the following experiment. 

 
Table 4.5: Experiment 4 - Reducing Factor to 1.5 

Amount of 

Edges 

Upper 

boundary  

Applied to X 

edges 

Results Average 

value in % 

4 0.37 3 86, 100, 19, 

66, 24, 43, 

88, 80, 40, 

55 

60.1% 
5 0.30 4 

6 0.249 5 

 

The previous experiment achieved a success rate of 60.1% which is almost 

sufficient. The next experiment tests if a boundary value for each node with 

three or more outgoing edges achieves a higher success rate. 

 
Table 4.6: Experiment 5 - Increased Amount of Participating Edges 

Amount of 

Edges 

Upper 

boundary  

Applied to X 

edges 

Results Average 

value in % 

3 0.495 2 100 ,100, 

100, 100, 

100, 46, 100, 

100, 24, 100 

87% 
4 0.37 3 

5 0.30 4 

6 0.249 5 
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As shown in table 4.6, considering nodes with three or more outgoing edges 

improves the success rate dramatically. However, the limitation of maximum 

edge values weakens the dynamical aspect of the project, but is unfortunately 

necessary to achieve a running system.  

 
4.2.2.3 Redefining Edge Probabilities 

This method redefines the edge probability for nodes which have an edge on 

itself. This is necessary to keep the amount of occurring loops low without 

weakening the dynamical aspect. The procedure starts by going through each 

node within a graph, more precisely it checks if a node has an edge where the 

boolean parameter “specialEdge” has been set to true by the BFS algorithm 

introduced in chapter 4.2.2.1. In case the algorithm finds a node with three 

edges and at least the last is a special edge, it starts calculating new edge 

probability values and arranges them in such a way that the first value has the 

highest likelihood. The next step lays in initializing two integer variables 𝑙 and 

𝑝 with the value 𝑙 =  0 and 𝑝 =  𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑢𝑡𝑔𝑜𝑖𝑛𝑔 𝑒𝑑𝑔𝑒𝑠 𝑚𝑖𝑛𝑢𝑠 1. The 

algorithm is now checking each outgoing edge. In case the first edge is not a 

special edge it receives the likelihood located at position l of the array in which 

the likelihood values where saved. After defining the new probability value for 

the edge, the integer parameter 𝑙 will be increased by one. The second edge is 

now in our example a special edge meaning it gets the likelihood located in 

position p within the probability array. The integer value p is now decreased 

by 1. The third edge is not a special edge which means it gets the probability 

located on position l which is the only remaining probability value. 

4.2.3 Interpretation  

The interpretation part is responsible for generating the actual response time. 

This is proceeded by measuring the time while the system is simulating a 

service request by going through the services. The process starts by saving the 

return value of the getTime()22 function into the variable 𝑠𝑡𝑜𝑝𝑤𝑎𝑐ℎ𝑆𝑡𝑎𝑟𝑡. Let 

us assume that we have data structure such as shown in figure 13, with three 

services in total and a reference from service A to service B, which costs 25 

milliseconds and a reference from service B to Service C with 30 milliseconds. 

Each outgoing edge is weighted with a likelihood as explained earlier. Nodes 

with exactly one outgoing edge therefore only have one way to follow. In this 

way the likelihood of nodes with one outgoing edge is set to 100%.  

The system starts its iteration with the first node, node 1 in service A. The 

system is now using the math.Random() function to generate a value Z which 

in our example is 0.33. The edge from node 1 to node 2 has a probability factor 

of 0.29 which is smaller than our generated value 𝑍. It is obvious from a human 

point of view that the system should choose the edge from node 1 to node 3, 

                                                 
22 Returns the number of milliseconds since January first, 1970.  
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but it is difficult for a system to decide which edge is the correct edge23. To 

achieve a correct decision making process, the system checks if the value Z 
(0.33) is smaller than the first edge probability value  0 < 𝑍 ≤ 0.29 . If not, 

the probability value (0.7) of the second edge will be added to the probability 

value (0.29) of the first edge (0.29 + 0.7 = 0.99). In case the value Z is less 

or equal then the resulting sum of both value. The system will pick the edge 

and change the current node (node 1) to the follower node, which is node 3 in 

our example. This algorithm is used each time the system faces two or more 

outgoing edges.  

After the system changed its current node, the whole process starts again 

by generating a probability value Z with the math.Random() function. In this 

case the probability value Z is high enough that the system chooses the edge 

from node 3 to node 5. However, node number 5 is located in another service, 

which means that the current service has to be changed too. The effect is that 

the current node (node 3) is added to a stack24, the time for changing the 

services, which has been defined in the reference edges, is added to an Integer 

variable named jumpCost. Each time a service has been changed, the time for 

changing the service is added to this variable.  

As soon as the jumpCost variable has been increased, the system changes the 

current node (node 3) to node 5. The system continues the procedure by 

generating a new random value Z. Based on the value Z the system will choose 

its follower node. In this example the follower node will be node 6. Node 6 has 

an edge on itself which is not considered in a different way by the system. Let 

us assume that our current node is now node 7, which is the last node of the 

service B. That means that service B came to an end and the system should 

now jump back to node 3 in service A, which requested functionality from 

service B. This is proceeded by changing the current node (node 7) to the last 

added element of the previous filled stack, which is node 3 in this example. 

This approach makes sure that the system continues its iteration at the node 

which requested functionality from another service. After the current node has 

been set to node 3, the process of choosing the next node starts again. In this 

example we assume the following node to be node 4 now, which is the last 

node of service A. This means that the simulation of a service request by a user 

comes to an end, which could respond with information about a stock in the 

real world.  

The system saves the time in a second variable stopwatchEnd, by using 

the getTime() function. The next step is to calculate the amount of time the 

system took to simulate the whole service request. This is executed by 

                                                 
23 A path finding algorithm would solve this problem the system simply needs to know the 

whole graph. The system would lose its dynamical aspect by applying such an algorithm.  
24 A stack is a data structure which works with the “First In, Last out” principle (FILO) in 

this scientific research, where each item is placed on top of the previous item. The items can 

be removed either from the top (FILO) or from the bottom of a stack (First in, First out).   
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subtracting 𝑠𝑡𝑜𝑝𝑤𝑎𝑡𝑐ℎ𝐸𝑛𝑑 𝑚𝑖𝑛𝑢𝑠 𝑠𝑡𝑜𝑝𝑤𝑎𝑡𝑐ℎ𝑆𝑡𝑎𝑟𝑡. This provides the 

amount of time it took for the system to go through the services in milliseconds. 

Afterwards the variable jumpCost is added to the subtraction of 

𝑠𝑡𝑜𝑝𝑤𝑎𝑡𝑐ℎ𝐸𝑛𝑑 𝑚𝑖𝑛𝑢𝑠 𝑠𝑡𝑜𝑝𝑤𝑎𝑡𝑐ℎ𝑆𝑡𝑎𝑟𝑡. The resulting value is the amount 

of time it took to simulate a service request, or in other words the response time 

of a service request. 

  

 

 

 

Figure 4.8: Simulated Service Request 
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5 Results 
The generator is able to simulate service requests, where the requested service 

can call other services in specific manners. That is why a couple of experiments 

with different input parameters were executed. Also, the previous described 

edge probability boundaries, were applied to each experiment with a factor of 

1.5. All results were computed on the same system.  

 

5.1 First Experiment 

The first experiment is based on the parameters in table 5.1. Since there is only 

one service, the densities for service reference connections and for node to 

graph connections are not needed. The experiment was repeated 50 times to 

provide enough empirical data for further conclusions.  

 
Table 5.1: First Experiment - Input Parameters 

Parameter Value 

Amount of services 1 

Amount of nodes 5 

Density for service connections - 

Density for node connections 0.3 

Density for node to graph 

connections 
- 

  

The computed response times are shown in table 5.2. The term finite defines 

the amount of attempts where the system ran into a loop which will be left 

within a finite amount of time. A more detailed listing of each service request 

within the first experiment can be found in the appendix. 

 
Table 5.2: First Experiment - Results 

Type  Amount 

Requests less than a millisecond 28 

Requests around a millisecond 19 

Requests more than a millisecond 2 

Finite requests 1 

 

5.2 Second Experiment 

This experiment aims on the amount of finite requests and the question which 

parameters affect them directly. Node to service edges are not possible in this 

experiment because the density is set to 0 for each attempt. Each attempt 

computed a response time value 50 times.  
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The first attempt has a total number of 19 nodes within the service. The density 

for node to node edges is set to 0.6 and the density for node to service edges 

is, as previously mentioned set to 0. The result was a total of 50 finite requests 

and therefore no successfully computed response time. 

The second attempt slightly changed the parameters from the first attempt. 

The amount of nodes per service has been set to 10 nodes. The result was a 

total of 9 finite requests. The computed response time of the 41 successful 

attempts is not considered here. 

5.3 Third Experiment 

The idea behind this experiment is to display the different outputs, such as the 

computed response times and the amount of finite requests, which correspond 

by changing the input parameters. However, the amount of used services is set 

to four, the reference edges and its costs are display in table 5.3. The costs are 

based on assumptions, because it was not possible to get detailed information 

about internal web service structures. This approach is used for each attempt, 

where one attempt within this experiment defines an amount of 50 tries of 

computing response time. Each attempt and its parameters are shortly 

displayed in this chapter, however more detailed information about each 

attempt and its computed values can be found in the appendix.  

 
Table 5.3: Assumptions for Reference Edges 

Reference Edge Costs 

Service A to Service B  25 milliseconds 

Service B to Service C 15 milliseconds 

Service A to Service D  30 milliseconds 

 

This experiment simulates a service request with the possibility of requesting 

functionality from three other services.  

The first two attempts set the amount of nodes in each service to 15 with 

a variance of 1. The density of service reference edges can be set to zero due 

to the fact that the reference edges have been defined by considering the 

java.properties file. However the density for defining a node to node edge and 

a node to service edge is varied in the first two attempts, to display how the 

changes affect the computed outcome.  

The first attempt displays the system behavior with a density of 0.31 

within the control flow graph located in each service. The density of a node to 

service edge is set to 0.3 in this attempt. The following diagram (figure 5.1) 

displays the results out of a study of 50 tries. The attempt shows that the 

response time has been correctly computed 45 times. It also displays that the 
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system ran 5 times into a finite computation state. The resulting average 

response time value is 367.6 milliseconds.  

 

The second attempt increased the density for node to node edges and node to 

service edges to 0.4. Increasing both input parameters resulted in a higher 

average amount of response time which is 613.46. It also increased the amount 

of finite requests to 10 out of 50, displayed in figure 5.2. 

The third attempt increased the amount of nodes to 19 per service. It also 

increased the density of node to service edges to the value 0.45, but decreased 
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Figure 5.1: Experiment 3 – First Attempt 

Figure 5.2: Experiment 3 – Second Attempt 
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the density of control flow edges to 0.25. The system was able to compute 

response time values 45 times, 5 tries resulted into a finite request. The average 

response time of the computed values is 1529.26 milliseconds. The computed 

values are displayed in figure 5.3.  

 

The fourth attempt changed the density for node to service edges to 0.4 and the 

density for control flow edges to 0.3. The result is 42 successful computed 

response time values with an average value of 939.46 milliseconds, displayed 

in figure 5.4.  
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Figure 5.3: Experiment 3 – Third Attempt 
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The fifth attempt resulted in a drop of the computed average response time by 

decreasing the node to service edge density from 0.40 to 0.37. The result is an 

average response time value of 880.14 milliseconds with 45 successful 

computed values and 5 finite requests, displayed in table 5.5.  
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Figure 5.5: Experiment 3 – Fifth Attempt 
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6 Analysis and Validation 
This chapter provides an analysis of the proceeded experiments and its results 

in the previous chapter. The second part of this chapter gives information about 

the evaluation of the design approach.  

6.1 Analysis 

The first experiment described in chapter 5.1 shows that the computational 

time for going through one service is very low. It also shows that some request 

run into a computational state which takes a finite amount of time to be left, 

marked as “finite”. A finite request can either be a calculation problem which 

appears with a likelihood of 13% (chapter 4.2.2.2) or a loop which will be left 

in a finite amount of time. A finite request only occurred once in the first 

experiment, but a closer look at the results of the second experiment shows us 

a total amount of 50 finite request in the first attempt. The first attempt in the 

second experiment had 19 nodes and a density of 0.6 for node to node edges. 

The second attempt reduced the amount of nodes to 10 which resulted in 9 

finite requests. The experiment shows that the higher the amount of nodes is, 

and the higher the density for setting a node to node edge is. The higher is the 

amount of requests which corresponds into a finite request. The third 

experiment supports this theory, by comparing the amount of finite requests in 

the first two attempts. The amount of nodes are set to the same amount (15) in 

both attempts. The density for node to node edges has been raised from 0.31 to 

0.4 (second attempt), which occurred in 5 more finite requests than in the first 

attempt. However, considering the fact that the fourth attempt ran into 8 finite 

requests, by a control flow density of 0.3, but with a node to service edge 

density of 0.4, it shows that this factor is also affecting the generated output 

because every time another service is requested, increases the risk of running 

into a finite request since a new graph structure has to be stridden.  

However the proceeded experiments in chapter 5 displays that the design 

approach is basically working but it also displays that it has significant 

problems such as the edge probability calculation and the finite loop.  

As already mentioned the system runs, based on the defined input 

parameters, in more or less finite requests. A finite request has its origin in the 

edge calculation part. Let us assume that we have graph structure such as 

display in figure 6.1. The graph has an edge from node 1 to node 2, from node 

2 to node 1 and also from node 1 to node 3 which is the final node. By applying 

the edge calculation algorithm25 on the graph, explained in chapter 4.2.2, 

weights each edge with a likelihood. As display in figure 19, the edge from 

node 1 to node 2 has a likelihood of 98% and the edge from node 1 to node 3 

has a likelihood of 1%. Since the decision of which path should be followed is 

                                                 
25 We assume that the upper boundaries are set to 0.99 because of the range of Math.random. 
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based on a random generated value from the system as explained in chapter 

4.2.3, makes it highly unlikely to leave the resulting loop between node 1 and 

node 2 within a time frame of a real web service request.  

 

 

The definition of this system state as a finite request has its reason due to 

the fact that the system will theoretically leave the loop at some point. That 

point can unfortunately be in a short period of time such as 1 minute or a very 

long period of time such as 10 years.  

The problem lays in recognizing such a finite case by the system, which 

might be easy for the small graph displayed in figure 6.1, but becomes more 

and more complex with a higher amount of nodes and connections. Figure 6.2 

displays a scenario where such a loop occurs over more than two nodes.  

Figure 6.1: Simple Finite Loop 

Figure 6.2: Complex Finite Loop 
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Possible approaches for solving this problem are explained in chapter 

8.2.2. 

 

6.2 Validation 

The validation is proceeded by analyzing real service request and its average 

response time, as mentioned in chapter 3.3. 

Requesting information about the SAP26 stock via the website27 [25] provides 

information of a real service request and its corresponding response time. By 

requesting information from the web service every 15 minutes over a time 

frame of 16 days, provides 1896 service requests. The resulting average 

response time amounts to 838.02 milliseconds per request. 

By adjusting the parameters of the test data generator, displayed in table 

6.1, the system accomplished an average response time of 880.14 milliseconds, 

out of 50 attempts. The response time gap between the real web service and 

the generated is 40 milliseconds. This means that the developed generator is 

able to simulate a realistic service request with a small gap of 40 milliseconds. 

Detailed information about the computed values can be found in the appendix. 

 
Table 6.1: Validation Parameter 

 

As mentioned in the previous chapter (6.1), the basic design approach seems 

to work. It seems to be possible to generate response time based on the 

simulation of a web service, which comes close to real web service requests. 

However, the approach does have two major problems. The first one is the 

edge likelihood calculation problem described in chapter 3.2.2 and the second 

one is the finite request state, where the system is running into a loop which 

will be left in a finite amount of time. These two problems are mainly caused 

because the test data generation cannot be proceeded correctly, because of the 

fact that these problems occur in unpredictable finite requests. This means that 

the research question displayed in chapter 1.3 has to be answered with no, it is 

                                                 
26 SAP is one of the biggest software companies on earth and is specialized in software for 

handling business procedures.  
27 The IP address of the website is: 148.251.192.228. 

Parameter Value 

Amount of services 4 

Amount of nodes 19 

Density for service connections - 

Density for node connections 0.3 

Density for node to graph 

connections 
0.37 
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not possible to generate realistic test data for non-functional properties from 

services with the current design approach. The sub-question i. in chapter 1.3 

can be answered with yes, it is possible to simulate a web service structure by 

generating a local based graph where each node stands for an operation within 

a real web service. The answer is based on the fact that each node within each 

service can be filled with an operation or a function within a simulated web 

service since the algorithm goes through each node instance and handles its 

content. Sub-question ii. in chapter 1.3 can also be answered with yes because 

the developed program successfully generates variating responds time values 

by randomly going through the generated graph structures. 
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7 Discussion  
This chapter provides a brief discussion and method reflection of the proceeded 

research. 

 

7.1 Problem Solving/Results  

The problems described in chapter 1.2 which lead to this scientific work are 

partly solved. The developed system is able to simulate a service request which 

corresponds to a changing outcome value in the form of response time. The 

developed generator is able to request functionality from other services. These 

services can be requested in a specific manner, such as sequential, conditional 

or in a loop. The developed system shows a system behavior where each 

decision is made by the system itself within the interpretation part. The 

comparison of the proposed methodology in chapter 2.3 where users have to 

have a deeper understanding of the instruction operands of a microprocessor, 

with the developed generator within this research, displays a big advantage. 

The proposed generator can be used by simply adjusting the parameters. That 

does not require deep programming skills. The discovered problems such as 

the fact that the generator has been weakened through edge probability 

boundaries (chapter 4.2.2.2) and the fact of occurring finite requests, provides 

challenging material for further research (chapter 8.2). 

 

7.2 Method Reflection 

The described approach in the method chapter and the implementation of the 

system was appropriate, except the choice of developing an own graph 

structure with own nodes and own edges. This could have been less 

complicated and time consuming by using a java graph library such as JGraphT 

[26]. JGraphT offers functionality for directed and undirected graphs. The 

library also offers functionality for graphs with weighted/unweighted, labeled 

or any user defined edges. 
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8 Conclusion 
This chapter provides a conclusion of the developed system and its results. It 

also describes approaches which could be targeted in further research to 

improve the current design approach.  

 

8.1 Conclusions 

The original idea was to develop a system which is not limited or bound in any 

way by the developer or a user. The system should have been able to define the 

weighted edges with a likelihood on a random basis. The developed system has 

shown that this approach was not possible because the random calculation of 

the edge likelihoods are leading the system into an infinite loop. This loop 

occurs when the system provides a likelihood value of for example 0.99 for 

one edge. This means that the remaining edge(s) do(es) not have the possibility 

of receiving a likelihood value, because 0.99 is already the highest randomly 

generated value. Which is why the likelihood calculation results into the 

mentioned infinite loop because the system keeps trying on calculating a valid 

likelihood value for the remaining edge(s). Setting upper boundaries in the 

edge calculation procedure prevents the system with 87% from running into an 

infinite calculation process.  

The analysis of the dynamical interpretation and simulation of a service 

request is executed by randomly going through the service structures 

displayed. Some of the simulated service requests resulted into a so called 

finite request. The finite request occurs when the likelihood for a path, where 

the end node of the path is one of the starting nodes is so high that the path will 

be chosen every time. However the occurring loop will theoretically be left 

within a finite amount of time, which can be within 1 minute or 10 years.  

The problems which occurred are responsible for an unpredictable system 

behavior, which means that the system is not able to calculate test data in such 

a way that that the research group could use it for further validation of its design 

approach. 

 

8.2 Further Research 

This chapter provides strategies for further research related to this scientific 

work.  

 

8.2.1 Edge Probability Calculation  

As mentioned in chapter 4.2.2 it became necessary to set upper boundaries to 

achieve a running system. However, by using boundaries for the calculation of 



Conclusion 

Ricardo Russ – Linnaeus University   49 
 

edge probabilities weakens the dynamical aspect of the system. This problem 

could not been solved during the given time frame.  

 

8.2.2 Finite Request 

If the system runs into a finite request, briefly explained in chapter 6.1, the 

developed system has to be reinitialized to build a whole new graph structure. 

One possible way of dealing with this problem could be by creating an array 

which saved the id of the last 50 visited nodes. By now applying an algorithm 

which checks if a node is occurring more than a certain amount of time and 

also informs the system of an occurring loop. The system could then for 

example block the edge and force the system to choose another edge and 

therefor another path. This approach can be easily applied to an occurring loop 

between two nodes, but the algorithm which analyses the values within the 

array becomes more and more complex, the more nodes are participating or 

responsible for the loop. A less complex example graph is displayed in figure 

19. 

An approach for solving this problem are so called connected components. 

The idea behind the approach is explained with a short example:  

Let us assume we have a graph structure as displayed in figure 8.1. A closer 

look displays that the edges from node 1 to node 2, from node 2 to node 3 and 

from node 3 to node 5, highlighted with the red color, is the path from the 

starting node to the end node.  

Figure 8.1: Possible Finite Request Graph 
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We can therefor say that the system has to follow this path to successfully 

end the service simulation. Figure 21 also displays that the edges between the 

nodes 2, 3 and 4 could result into a finite loop if the possibility for the edge 

from node 3 to node 5 received a very small value. By merging graph parts 

which could result into a loop such as the nodes 2, 3 and 4 to one node shown 

in figure 8.2, could offer the possibility of recognizing the “important” edges 

(the red edges in figure 8.1) within a graph structure. This could be used in 

such a way that those edges could receive a higher likelihood value then the 

other outgoing edges. This approach could not be tested within this research 

because of the short time frame.  

 

8.2.3 Design Extension  

The developed generator is currently simulating the service time of a service 

request. The transmission time is not considered, which could be added in 

further research to simulate a service request with more detail. This could 

provide the possibility of simulating actual service requests from all over the 

world by simulating the transmission time through the internet. 

 

 

  

Figure 8.2: Merged Graph 
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Appendices 

Appendix A 

First Experiment – First Attempt 

Amount of Services:   1 

Amount of Nodes:  5 

Density for node connections: 0.3 

 

Number Services Jump costs Calculation Time Total time SI

1 1 0 0 0 ms

2 1 0 0 0 ms

3 1 0 0 0 ms

4 1 0 0 0 ms

5 1 0 0 0 ms

6 1 0 0 0 ms

7 1 0 0 0 ms

8 1 0 0 0 ms

9 1 0 0 0 ms

10 1 0 0 0 ms

11 1 0 0 0 ms

12 1 0 0 0 ms

13 1 0 0 0 ms

14 1 0 0 0 ms

15 1 0 0 0 ms

16 1 0 0 0 ms

17 1 0 0 0 ms

18 1 0 0 0 ms

19 1 0 0 0 ms

20 1 0 0 0 ms

21 1 0 0 0 ms

22 1 0 0 0 ms

23 1 0 0 0 ms

24 1 0 0 0 ms

25 1 0 0 0 ms

26 1 0 0 0 ms

27 1 0 0 0 ms

28 1 0 0 0 ms

29 1 0 1 1 ms

30 1 0 1 1 ms

31 1 0 1 1 ms

32 1 0 1 1 ms  
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33 1 0 1 1 ms

34 1 0 1 1 ms

35 1 0 1 1 ms

36 1 0 1 1 ms

37 1 0 1 1 ms

38 1 0 1 1 ms

39 1 0 1 1 ms

40 1 0 1 1 ms

41 1 0 1 1 ms

42 1 0 1 1 ms

43 1 0 1 1 ms

44 1 0 1 1 ms

45 1 0 1 1 ms

46 1 0 1 1 ms

47 1 0 1 1 ms

48 1 0 2 2 ms

49 1 0 4 4 ms

50 1 0 finite ms  

Third Experiment – First Attempt 

Amount of Services:   4 

Amount of Nodes:  15 

Density for node connections: 0.31 

Density for node to service: 0.3 

 

Number Services Jump Costs Calculation Time Total Time SI

1 4 0 0 0 ms

2 0 500 0 500 ms

3 0 0 0 0 ms

4 0 0 0 0 ms

5 0 0 0 0 ms

6 0 360 2 362 ms

7 0 300 3 303 ms

8 0 0 0 0 ms

9 0 0 0 0 ms

10 0 0 0 0 ms

11 0 3350 3 3353 ms

12 0 finite ms

13 0 610 0 610 ms
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14 0 0 0 0 ms

15 0 220 1 221 ms

16 0 finite ms

17 0 finite ms

18 0 80 0 80 ms

19 0 0 0 0 ms

20 0 0 0 0 ms

21 0 0 0 0 ms

22 0 0 0 0 ms

23 0 0 0 0 ms

24 0 0 0 0 ms

25 0 960 660 1620 ms

26 0 0 1 1 ms

27 0 60 0 60 ms

28 0 170 0 170 ms

29 0 0 0 0 ms

30 0 400 402 802 ms

31 0 240 1 241 ms

32 0 0 0 0 ms

33 0 0 0 0 ms

34 0 50 0 50 ms

35 0 890 3 893 ms

36 0 120 0 120 ms

37 0 120 0 120 ms

38 0 860 1 861 ms

39 0 180 0 180 ms

40 0 0 1 1 ms

41 0 100 0 100 ms

42 0 5600 9 5609 ms

43 0 finite ms

44 0 0 1 1 ms

45 0 finite ms

46 0 0 1 1 ms

47 0 0 0 0 ms

48 0 50 0 50 ms

49 0 830 1 831 ms

50 0 1240 0 1240 ms  
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Third Experiment – Second Attempt 

Amount of Services:   4 

Amount of Nodes:  15 

Density for node connections: 0.4 

Density for node to service: 0.4 

 

Number Services Jump Costs Calculation Time Total Time SI

1 4 1710 2 1712 ms

2 4 570 0 570 ms

3 4 1100 2 1102 ms

4 4 560 1 561 ms

5 4 50 0 50 ms

6 4 130 0 130 ms

7 4 6550 5 6555 ms

8 4 5060 20 5080 ms

9 4 120 0 120 ms

10 4 700 0 700 ms

11 4 0 0 0 ms

12 4 0 0 finite ms

13 4 0 0 0 ms

14 4 0 1 1 ms

15 4 0 1 1 ms

16 4 5700 55 finite ms

17 4 270 1 finite ms

18 4 420 0 420 ms

19 4 60 1 61 ms

20 4 0 0 0 ms

21 4 finite ms

22 4 0 0 0 ms

23 4 290 1 291 ms

24 4 410 1 411 ms

25 4 0 0 0 ms

26 4 190 0 190 ms

27 4 0 0 0 ms

28 4 finite ms

29 4 180 0 180 ms

30 4 80 0 80 ms

31 4 110 1 111 ms

32 4 50 0 50 ms

33 4 50 0 50 ms  
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34 4 180 0 180 ms

35 4 170 1 171 ms

36 4 finite ms

37 4 finite ms

38 4 0 0 0 ms

39 4 0 0 0 ms

40 4 finite ms

41 4 0 0 0 ms

42 4 7790 4 7794 ms

43 4 3990 2 3992 ms

44 4 finite ms

45 4 finite ms

46 4 0 0 0 ms

47 4 110 0 110 ms

48 4 0 0 0 ms

49 4 0 0 0 ms

50 4 0 0 0 ms
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Third Experiment – Third Attempt 

Amount of Services:   4 

Amount of Nodes:  19 

Density for node connections: 0.25 

Density for node to service: 0.45 

 

Number Services Jump Costs Calculation Time Total Time SI

1 4 410 0 410 ms

2 4 240 1 241 ms

3 4 8140 7 8147 ms

4 4 4500 4 4504 ms

5 4 2820 3 2823 ms

6 4 370 0 370 ms

7 4 0 0 0 ms

8 4 1520 2 1522 ms

9 4 4920 3 4923 ms

10 4 230 0 230 ms

11 4 300 0 300 ms

12 4 1000 1 1001 ms

13 4 0 0 0 ms

14 4 0 0 0 ms

15 4 590 850 1440 ms

16 4 finite ms

17 4 110 1 111 ms

18 4 10650 19 10669 ms

19 4 0 0 0 ms

20 4 0 0 0 ms

21 4 2320 1 2321 ms

22 4 3960 3 3963 ms

23 4 100 0 100 ms

24 4 finite ms

25 4 290 0 290 ms

26 4 6690 36 6726 ms

27 4 5600 56 5656 ms

28 4 0 1 1 ms

29 4 5360 3 5363 ms

30 4 1580 2 1582 ms

31 4 0 0 0 ms

32 4 0 0 0 ms

33 4 230 0 230 ms
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33 4 230 0 230 ms

34 4 0 0 0 ms

35 4 660 1 661 ms

36 4 120 0 120 ms

37 4 420 1 421 ms

38 4 3970 23 3993 ms

39 4 finite ms

40 4 finite ms

41 4 140 1 141 ms

42 4 290 1 291 ms

43 4 0 110 110 ms

44 4 4050 3 4053 ms

45 4 0 0 0 ms

46 4 finite ms

47 4 0 0 0 ms

48 4 0 0 0 ms

49 4 2620 19 2639 ms

50 4 1110 1 1111 ms

 

 

Third Experiment – Fourth Attempt 

Amount of Services:   4 

Amount of Nodes:  19 

Density for node connections: 0.3 

Density for node to service: 0.40 

 

Number Services Jump Costs Calculation Time Total Time SI

1 4 0 1 1 ms

2 4 550 1 551 ms

3 4 1180 1 1181 ms

4 4 0 0 0 ms

5 4 120 1 121 ms

6 4 finite ms

7 4 6470 9 6479 ms

8 4 2810 4 2814 ms

9 4 920 3 923 ms

10 4 480 0 480 ms

11 4 50 0 50 ms

12 4 2200 4 2204 ms
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13 4 0 0 0 ms

14 4 finite ms

15 4 580 1 581 ms

16 4 180 2520 2700 ms

17 4 finite ms

18 4 finite ms

19 4 470 4 474 ms

20 4 1580 3 1583 ms

21 4 1050 1 1051 ms

22 4 3580 65 3645 ms

23 4 0 0 0 ms

24 4 finite ms

25 4 0 0 0 ms

26 4 120 0 120 ms

27 4 720 6 726 ms

28 4 280 1 281 ms

29 4 finite ms

30 4 140 0 140 ms

31 4 0 0 0 ms

32 4 180 0 180 ms

33 4 finite ms

34 4 50 0 50 ms

35 4 2030 2 2032 ms

36 4 finite ms

37 4 1710 3 1713 ms

38 4 60 1 61 ms

39 4 860 1 861 ms

40 4 3290 5 3295 ms

41 4 0 0 0 ms

42 4 1720 4 1724 ms

43 4 60 1 61 ms

44 4 0 0 0 ms

45 4 120 0 120 ms

46 4 120 0 120 ms

47 4 0 0 0 ms

48 4 0 0 0 ms

49 4 750 1 751 ms

50 4 9880 20 9900 ms
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Third Experiment – Fifth Attempt 

Amount of Services:   4 

Amount of Nodes:  19 

Density for node connections: 0.3 

Density for node to service: 0.37 

 

Number Services Jump Costs Calculation Time Total Time SI

1 4 600 3 603 ms

2 4 630 1 631 ms

3 4 120 0 120 ms

4 4 0 0 0 ms

5 4 6630 19 6649 ms

6 4 730 1 731 ms

7 4 420 0 420 ms

8 4 780 4 784 ms

9 4 100 0 100 ms

10 4 740 2 742 ms

11 4 1040 1 1041 ms

12 4 0 0 0 ms

13 4 60 0 60 ms

14 4 finite ms

15 4 50 0 50 ms

16 4 290 0 290 ms

17 4 finite ms

18 4 650 3 653 ms

19 4 0 0 0 ms

20 4 0 0 0 ms

21 4 3330 6 3336 ms

22 4 finite ms

23 4 180 1 181 ms

24 4 2470 9 2479 ms

25 4 0 0 0 ms

26 4 790 1 791 ms

27 4 0 0 0 ms

28 4 0 0 0 ms

29 4 120 1 121 ms

30 4 0 0 0 ms

31 4 60 0 60 ms

32 4 0 1 1 ms

33 4 0 1 1 ms
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33 4 0 1 1 ms

34 4 0 0 0 ms

35 4 710 1 711 ms

36 4 1350 1350 ms

37 4 finite ms

38 4 0 0 0 ms

39 4 0 0 0 ms

40 4 0 0 0 ms

41 4 780 2 782 ms

42 4 0 0 0 ms

43 4 60 0 60 ms

44 4 1540 2 1542 ms

45 4 5800 9 5809 ms

46 4 13830 28 13858 ms

47 4 50 0 50 ms

48 4 finite ms

49 4 0 1 1 ms

50 4 0 0 0 ms

 


